TOTAL ANOMALOUS PULMONARY VENOUS RE-TURN (TAPVR) is a relatively rare congenital heart defect first described by Wilson1 200 years ago. Clinicopathophysiologic studies have emphasized a uniformly poor prognosis; death often occurs during infancy.2 4 Early attempts at surgical correction were attended by high mortality`but recent experience, even in small patients, has been more promising.812 The size and function of the left heart chambers have always been considered critical, especially when surgery is contemplated. The left ventricle can be either normal or small. The left atrium has been found to be consistently small by some investigators. ' 3 Others believe that left atrial size may remain normal or be only slightly reduced.a The low cardiac output state often observed immediately following surgical repair of this condition has had smaller chamber volumes/mi BSA than those in group B. Left atrial function was abnormal, characterized by reduced reservoir function and a greater role as a "conduit" from right atrium to left ventricle. Left atrial size was not found to be critical in the surgical repair of TAPVR. Cardiac function is restored to normal following surgery. been ascribed to a small noncompliant left atrium or possibly a small left ventricle with limited compliance.'0
The purpose of this study was to evaluate right and left heart function in isolated TAPVR before and after surgery. In the past five years, 12 infants with this disease were hospitalized in our service; 11 underwent open-heart surgery. Our studies have shown that the left atrium is significantly small and functions abnormally in this condition. Nevertheless, corrective surgery can, even in early infancy, restore normal heart function.
Materials and Methods
Twelve infants with isolated TAPVR, six males and six females, and age 1 day to 8 months, underwent cardiac catheterization. All were on digitalis therapy for cardiac failure of varying severity. Three older infants received 25-50 mg/kg of chloral hydrate for sedation; in the rest, no premedication was given. In two severely ill infants (case 1, 10), the procedure was carried out with the baby on assisted ventilation; in two others (case 2, 5), oxygen was given by face mask. Following pressure recording and blood sampling of the right and left heart, biplane cineangiocardiograms were obtained with injection of contrast material (Renografin 76, 1.0-1.5 ml/kg) into the right ventricle and/or pulmonary trunk, and into the left atrium. An interval of approximately 10 min was allowed between injections. Atrial balloon septostomy was done on five infants after angiocardiography. Angiocardiography was not repeated after the septostomy.
The infants were classified into two categories. Four infants (group A) had venous obstruction, and their pulmonary artery pressures were higher than systemic. Mean systemic arterial oxygen saturation was 59% ± 15 (SE). In two babies, the pulmonary venous drainage was into the left innominate vein, and the obstruction was related to the "sandwiched" position of the vertical vein between the left pulmonary artery and left bronchus. In another infant, age 31 days, the common pulmonary vein proceeded below the diaphragm and drained into the portal vein. Narrowing of the pulmonary veins or of the vertical veins was not observed angiographically in these cases. The fourth infant had a common pulmonary vein connected to the (right) superior vena cava. Opacification of the pulmonary veins following pulmonary artery contrast injection was delayed and very poor; a significant right-to-left shunt across an aneurysmal ductus arteriosus was also noted. This baby died at one day, shortly after cardiac catheterization. Postmortem studies demonstrated atresia of the pulmonary vein at the site of entrance into the vena cava.
Eight infants (group B) did not have obvious pulmonary venous obstruction; their pulmonary artery pressures ranged from 20% to 100% of systemic pressure. Mean systemic arterial oxygen saturation was 83% ± 2.5 (P < 0.05, as compared to group A). The pulmonary venous drainage site was the left innominate vein in five, the coronary sinus in twQ, and the right atrium in one. Their ages ranged from two days to eight months at the time of cardiac catheterization. Two had repeat catheterization, prior to surgery, at age three months and two years.
The cineangiocardiograms were analyzed for right ventricular, left ventricular, and left atrial volumes. The ventricular volumes were calculated by the parallelepiped method.'4' 15 Left atrial volumes were obtained by the ellipsoid-cone method'6 instead of the area-length method since the left atrial appendage appeared disproportionately large, relative to the small left atrial cavity, in all cases. This method allows estimation of the volume of the atrial body (Ve) and that of the atrial appendage (Va) separately: The angiocardiograms were obtained in the frontal and lateral projections using Phillips biplane 5-9 inch Cesium iodide X-ray image intensifier tubes with fixed tube-to-film distances as described previously.14-16 A Datacor system facilitated timing of each X-ray exposure through display of the electrocardiogram and pressure pulse curve in the angiogram. The cinefilms were obtained by 35 mm movie cameras at a filming rate of 64 or 80 frames/sec. Correction factors for X-ray magnification differed frequently for the three cardiac chambers analyzed, depending on their distances from the X-ray grids. Only arrhythmia-free cardiac cycles were used for the volume analysis.
The volume parameters obtained were for right ventricle (RV) and left ventricle (LV): end-diastolic volume (RVEDV, LVEDV), end-systolic volume (RVESV, LVESV), stroke volume (RVSV, LVSV), ejection fraction (RVEF, LVEF); for left atrium: atrial maximal volume (LAmrax), atrial minimal volume (LAmin), atrial appendage maximal volume (LAapp), LAapp/LAmax ratio, LAmax/ LVEDV ratio. The left atrial volume change (LAVC) was also determined by taking the difference between LAmiax and LAmin and relating this to LAmax, i.e.,
LAVC =LAmax-LAmin

LAmax
The RVEF or LVEF was represented by the RVSV/RVEDV or the LVSV/LVEDV ratio, respectively.
Right and left ventricular outputs (Qrv, Qlv) were obtained as the product of heart rate and RVSV or LVSV, respectively. These were used in our analysis instead of Fickderived outputs since oxygen consumption was not obtained in these young subjects.
All volume estimations were normalized to body surface area. They were also compared with the predicted normal derived from multivariate regression equations using age, height, weight and heart rate as variables." The observed values were then expressed in percent of the predicted normal (% PN), with those above 120% or below 80% considered abnormal.
Open-heart surgery was carried out in three of the four infants in group A, and in all eight patients in group B. With the exception of a two-year-old infant who had cardiopulmonary bypass, the surgical repair was carried out under profound hypothermia and total circulatory arrest. Under ether anesthesia, body temperature was lowered by surface cooling for 45 to 70 min until it reached 23°C. The sternum was then opened and the ascending aorta cannulated as body temperature fell further, to 190 or 20°C. The vertical ascending (or descending) vein was isolated, and the common posterior vein identified. The cavae were then occluded, the ascending aorta cross-clamped, and the heart arrested with 5-6 ml of sterile Young's solution injected into the crossclamped aorta. Total circulatory arrest time ranged from 25 to 44 min (mean, 34). An incision was made in the right atrium and continued transversely across the interatrial groove (through the atrial septal defect) thus opening the posterior left atrial wall up to the base of the left atrial appendage. A second incision was made in the adjoining common posterior vein 2 to 3 cm in length, and the anastomosis constructed from within the left atrium, as described by Malm and associates.9 A patch of pericardium or of knitted Dacron material was used to enlarge the left atrium to approximately 30% or more of its original size, and close the septal defect at the same time. The ascending (or descending) vein was doubly ligated at the conclusion of the procedure. Body rewarming to 37°C was then carried out with the aid of the heart-lung machine using a single catheter to drain venous blood from the right atrium. If present, the patent ductus arteriosus was ligated before the circulatory arrest.
Results
For comparative purposes, the cardiac volume data obtained from 12 normal infants have been summarized in table 1. A summary of the hemodynamic data obtained from our patients with TAPVR is given in table 2. The mean pulmonary/systemic artery pressure ratio was 1.32 ± 0.07 (SE) in group A, and was 0.51 ± 0.08 in group B (P < 0.001). The right atrial and left atrial pressures did not differ in the two groups. In both, the left atrial pressures were low and the normal prominence of the "v" waves was absent. The right ventricular end-diastolic pressures ranged from 5 to 18 mm Hg; mean values were 12.5 mm Hg in group A, and 9.1 mm Hg in group B (NS).
The right ventricular output (Qrv) was not obtained in five studies, and the left ventricular output (Q,v) in two, because of technically unsatisfactory angiocardiograms. Figure 1 shows the observed right ventricular and left ventricular enddiastolic volumes and predicted normal values in the two groups. Right ventricular enlargement was consistently observed. In contrast, only slight differences were noted between the observed and predicted left ventricular volumes. For all patients, the mean RVEDV was 92.3 cm3/m2 ± 12.3 as compared to the predicted normal of 44.4 ± 3.1 (P < 0.001). The mean Qrv of nine subjects (one in group A, and eight in group B) was 7.46 L/min/m2 ± 0.88 as compared to the predicted normal of 3.94 ± 0.22 (P < 0.005). The mean RVEF was 0.53 ± RIGHT VENTRICLE (n = 11) E 0 w w 0.035; this was slightly lower than that of normal infants (mean, 0.59 ± 0.025) but the difference was statistically not significant.
The LVEDV was abnormally small in three of the four patients in group A (mean, 75% of predicted normal), but was normal in all children in group B (mean, 94% of predicted normal). For all patients, the Q'v was 3.08 L/min/m2 + 0.24 as compared to the predicted normal of 3.98 + 0.18 (P < 0.001). The mean LVEF was 0.57 ± 0.015 as compared to 0.73 ± 0.02 in normal infants (P < 0.001).
An angiocardiogram showing the typical changes in the left heart is shown in figure 2 . The mean LAmax for all patients was 19.05 cm3/m2 ± 2.2 as compared to the predicted normal of 35.9 ± 2.3 (P < 0.001). This difference is also seen in figure 3 where the observed and predicted normal values are shown. (An exception to this finding was that of DM, age 8 months, with pulmonary venous return directly into the right atrium who had LAmax of 37.1 cm3/m2 or 98% of normal.) The mean volume of the left atrial appendage was 4.3 cm3/m2 ± 0.05 as compared to 3.6 ± 0.4 found in the normal infants (NS). The appendage/LAmax ratio in our subjects was 0.23 ± 0.02, and this was higher than the 0.11i± 0.01 observed in the normal babies (P < 0.001). For all patients, the mean left atrial volume change was 0.52 ± 0.03; this was significantly smaller than that found in normal infants (mean, 0.59 ± 0.01, P = 0.025). The mean LAmax/LVEDV ratio was 0.47 ± 0.04 as compared to 0.74 + 0.05 for the normal infants (P < 0.001). Table 3 summarizes the cardiac volume data found in the group A patients and from the group B patients. Generally speaking, all three cardiac chambers were smaller in the former than in the latter group. The mean RVEDV in group A was 54.6 cm3/m2 or 152% predicted normal (as compared
Observed end-diastolic volumes of the right ventricle (R VED V) and of the left entricle (L VED V), and corresponding predicted normal values plotted against body surface area. Solid symbols are those ofpatients with pulmonary venous obstruction. Regression lines have been drawn (solid, for observed values; dotted, for predicted normals). died during or shortly after surgery. Both belonged to group A. One was a 7-day-old almost moribund baby (#2) who had had cardiopulmonary arrest at another hospital prior to transfer to our service. Immediately following emergency cardiac catheterization, surgery was performed but the baby died during the procedure. The other was a 4½/2-week-old baby (#4) with an infradiaphragmatic venous return into the portal vein. The immediate postoperative course was excellent, but the baby suddenly died 36 hours later from an unrecognized mucus plug in the endotracheal tube. Postmortem examination revealed excellent repair with large common venous sinus-left atrial anastomosis. Whether either death can technically be called a "surgical" death is debatable since in the first case the intervention was too late, and the second death was from an avoidable postoperative respiratory complication.
A summary of the cardiac catheterization findings of five patients, obtained one to two years following surgery, is shown in table 4. A comparison of these with the corresponding preoperative data is shown graphically in figure 4 . The disappearance of the pulmonary hypertension was accompanied by significant regression of right ventricular size and by increase of left atrial volume and of left ventricular output to the normal range. The RVEF remained essentially unchanged; the mean LVEF increased to 0.64 which was low normal. The LAmax/LVEDV ratio also had increased to normal. Residual shunting was not observed except in one who had angiographic evidence of a tiny shunt stream across the atrial septum. The shunt in this child was too small to be demonstrable by blood oximetry; it also could not be calculated angiographically.
Discussion
Right atrial and right ventricular enlargement is not unexpected in total anomalous pulmonary venous connection. Abbreviations: LAapp = left atrial appendage; LAVC = left atrial volume change; PN = predicted normal; for others, see tables 1 and 2.
The combined systemic and pulmonary venous return into the right atrium constitutes an obligatory volume overload. The volume load of the right ventricle is also increased; additionally, pulmonary hypertension of varying severity is often present, related at least in some cases to obstruction to pulmonary venous return. Thus severe pulmonary hypertension, often at suprasystemic levels, is commonly observed in those in whom pulmonary venous drainage is into the infradiaphragmatic area. It may also be encountered in supradiaphragmatic venous return when the vertical vein is kinked or abnormally situated between the left pulmonary artery and left bronchus, or when the entrance site of the anomalous vein into the vena cava is obstructed.'7-'9 In patients without obvious pulmonary venous obstruction, the pulmonary artery pressures are not as high and, occasionally, may be in the normal range. However, pulmonary hypertension may be present without an identifiable anatomic obstruction."9 Pulmonary vascular disease is rare, at least during infancy, although exceptions have been reported.20 In contrast to the enlargement of the right ventricle, we have found the left ventricle to be normal or, at the most, only slightly reduced in size. Its ejection fraction tends to be reduced (mean, 0.57 vs normal of 0.73, P < 0.001) and the left ventricular or systemic output is accordingly low (mean, 3.08 L/min/m' vs normal of 3.98 L/min/m2, P < 0.001). Similar observations have been reported by Graham et al.13 The reduced size of the left atrium observed immediately after birth is explained by the failure of the common pulmonary vein to become incorporated into the left atrium during its development. 17 21, 22 This developmental arrest appears to affect the size only of the atrial cavity proper since the left atrial appendage remains normal. The increased appendage/LAm,x ratio in this condition is thus a reflection of the normal appendage volume in the face of the reduced left atrial cavity size.
The atrium, is influenced by the comparative distensibilities of both chambers and by the size of the interatrial communication. The greater distensibility of the right atrium favors preferential filling of this chamber. In addition, the presence of a relatively small restrictive atrial communication can further limit left atrial filling. The small reversed atrial pressure gradient often observed in this condition is compatible with the assumption, especially if one considers that atrial filling is passive, occurring from a highly compliant chamber to a less compliant one. The consistent finding of lower left atrial "v" than "a" waves, which is the reverse of the normal, is compatible with this concept of reduced systolic filling of this chamber. Immediately after surgery, the left atrial "v" waves become prominent and this, together with the frequently observed low cardiac output state, has been interpreted to be due to poor reservoir function of the small, poorly compliant left atrium.'°The mean LAmax/"v" wave ratio of 2.86 cm3/m2/mm Hg ± 0.38 observed in our cases did not differ from those of four normal infants (mean, 2.84 ± 0.27). Rudolph23 has suggested that the disappearance of the prominent left atrial "v" wave in TAPVR is due to failure of the pulmonary artery systolic pressures to be readily transmitted into the left atrial chamber via the pulmonary venous channels and not related to the atrioventricular valve dynamics.
In spite of the small size of the left atrial cavity, left ventricular filling appears to be normal as demonstrated by the normal or near normal end-diastolic volumes of this chamber. One can then assume that direct left atrial contribution to ventricular filling is reduced. This is also evidenced by the low left atrial volume change of 0.52 as compared to 0.59 observed in normal infants (P < 0.025). The left atrium thus appears to have limited reservoir function but to assume the role of a passive "conduit" from right The cardiac chambers, expressed in volume/M2 BSA, of the infants with pulmonary venous obstruction were smaller than those of the babies without obstruction. It is tempting to explain these differences on the basis of the lower volume load of the heart and the greater pressure work of the right ventricle in the presence of pulmonary venous obstruction. However, it is also possible that these differences were agerelated, the babies in group A being newborn infants and those in group B older ones. The cardiac chambers of normal infants, after adjusting for body surface area, show a tendency to increase normally with age ( fig. 6 ). The appropriate control for our babies in group A thus should have been data of normal newborn subjects, which we did not have. Our assumed normal volumes, based on our predicting equations, may be questionable and it is not possible to state definitively whether or not the observed differences in the two groups were truly significant.
The risk of surgery for TAPVR has, in recent years, been reduced considerably. A return to profound hypothermia and circulatory arrest, following its first successful application by Lewis and Varco in 1956,21 has contributed greatly to reducing the risk.
The success of the operation depends in large part upon the creation of a large anastomosis between the common pulmonary venous sinus and the left atrium. However, most investigators have assumed that the left atrium is too small to handle the systemic output.3 Our experience and that of others8-12 provide adequate evidence that left atrial size is not a limiting feature in most instances. A small left ventricle would undoubtedly be critical; fortunately, its size in most cases remains normal and its function only minimally impaired. In all of our subjects, we have used a dacron or pericardial patch to close the atrial septum, extending it to the right of the anastomosis of the pulmonary venous sinus. This serves not only to enhance the capacity of the left atrium but also, and perhaps more importantly, to assure an adequatesized communication between the pulmonary vein and the left atrium. In no instance did we observe clinical evidence of a low cardiac output state after surgery. Whether the use of the dacron or pericardial patch has been helpful or not is uncertain. We believe that the surgical technique used in this report, adopted from that described by Bowman and Malm,9 is satisfactory for the correction of TAPVR irrespective of the venous drainage site. The advantages of early surgery are obvious. The chance for developing pulmonary vascular disease is remote, and there may be greater chance for recovery of normal cardiac function. Further studies comparing status of patients who had early correction with those who had late correction are needed to confirm our initial findings. In the presence of significant pulmonary venous obstruction, surgical intervention cannot be delayed due to the rapid progression of the heart failure and the consequential metabolic acidosis which may compromise surgery as exemplified in one of our deaths. Our studies after surgery have demonstrated normal hemodynamics and cardiac function.
Addendum
Since completion of this report, two additional babies (C.D., age 2½h months, weight 3 SUMMARY Labetalol was administered to six hypertensive subjects in increasing doses for seven days. A decrease in both supine and standing arterial pressure and heart rate was observed with no change in cardiac output and few side effects. Exercise tolerance was unaltered by the drug, but the heart rate and arterial pressure response to exercise were significantly blunted. The infusion rate of isoproterenol required to produce tachycardia was increased sevenfold by 800 mg/day labetalol and tenfold by 1600 mg/day. More than BETA ADRENERGIC RECEPTOR BLOCKING DRUGS are now widely employed for the treatment of hypertension1' 2 and angina pectoris,3 but alpha blockers have not found much clinical application. Although the latter drugs reduce arterial pressure, their unpleasant side effects of reflex tachycardia and orthostatic hypotension have limited their use in the management of hypertension.4 Labetalol (Sch 15719W), 5-(1-hydroxy-2-[1-methyl-3phenylpropyl) amino] ethyl) salicylamide, is a recently developed drug which, like propranolol, blocks both beta-1 cardiac and beta-2 vascular and bronchial receptors and also has alpha blocking properties.5`8 Animal and human studies have revealed that this drug exerts effects similar to those observed with the combination of propranolol and hydralazine.9 twice the control dose of phenylephrine was required during labetalol therapy to produce a rise in diastolic arterial pressure. The overshoot of arterial pressure following the Valsalva maneuver was blocked and the reflex tachycardia to amyl nitrite-induced hypotension was attenuated. These studies indicate that labetalol is an antihypertensive drug that exerts both alpha and beta adrenergic blocking properties. It deserves further clinical trials in the treatment of hypertension and angina pectoris.
In the present study, we report clinical and hemodynamic effects of labetalol in six patients with essential hypertension. We also studied the effect of the drug on phenylephrine-induced diastolic hypertension and isoproterenolinduced tachycardia to test the degree of alpha and beta adrenergic blockade produced.
Materials and Methods
Six male patients from 25 to 56 years old (mean 45 years) were studied. All patients had essential hypertension based on clinical and laboratory evaluation. In four the hypertension was mild and somewhat labile; the other two subjects had fixed hypertension of moderate severity. Patients with a history of heart failure, ischemic heart disease, bradycardia, diabetes mellitus requiring insulin, liver disease, asthma or renal failure (serum creatinine over 2 mg/100 ml) were excluded from study. All patients gave their informed consent for use of the experimental drug and for performance of the invasive studies. All prior medications were discontinued at least two weeks before the study period.
The patients were hospitalized in the Clinical Research Center and were placed on a regular diet. Their activities in
